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Abstract. It remains unclear whether there are racial dispari-
ties in mortality between women of different races who have
the same subtype of breast cancer when tumor stage and size
and treatment are controlled for. The present study aimed
to investigate whether racial disparities in mortality existed
between women of different races who had the same subtype
of breast cancer when health insurance, tumor stage and
size and treatment were controlled for in a large cohort of
women with breast cancer in the United States. This study
identified 399,564 women who were diagnosed with inci-
dent breast cancer at age =20 years between 2010 and 2016
in 17 Surveillance, Epidemiology and End Results (SEER)
registries, including 277,319 non-Hispanic white (white),
44,149 non-Hispanic black (black), 34,141 non-Hispanic
Asian or Pacific Islander (Asian) and 43,955 Hispanic women.
White and Asian women exhibited a lower proportion of
triple-negative breast cancer (9.8 and 9.1% respectively) than
black (20.8%) and Hispanic women (12.6%). Black women
had a significantly higher risk of all-cause mortality compared
with white women in only those with triple-negative breast
cancer (hazard ratio: 1.39, 95% CI: 1.29-1.51) and those with
hormone receptor-negative/human epidermal growth factor
receptor 2 (HER2)-positive breast cancer (1.53, 1.48-1.58)
after adjusting for confounders. In those with hormone
receptor-positive breast cancer, regardless of HER2 receptor
status, the risk of all-cause mortality was not statistically
different between black and white women, while the risk of
breast cancer-specific mortality was significantly higher in all
subtypes of breast cancer among black women. There were
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racial disparities in the presentation of triple-negative breast
cancer and in all-cause and breast cancer specific mortality
following stratification by triple-negative status and adjusting
for tumor stage, size, grade and treatment.

Introduction

It has been well documented that there are substantial racial
disparities in cancer stage at diagnosis, treatment and survival
for women with breast cancer (1-14). Poorer socioeconomic
status and lack of health insurance contributes to delayed
cancer screening and medical consultation, leading to later
stage at diagnosis and missed opportunity for early interven-
tion (5-14). Late diagnosis and lack of adequate treatment lead
to poorer health outcomes, such as shortened survival rate and
higher mortality (12-14). However, subtypes of breast cancer
and pathological indicators, such as estrogen and progestin and
human epidermal growth factor receptor 2 (HER?2) receptor
status, may not be associated with poorer socioeconomic
and health insurance status. Numerous studies have shown
substantial differences in presentation of these subtypes
[HER2-, hormone receptor (HR)- and triple-negative] of breast
cancer between women of different races; for example, African
American and sub-Saharan African women exhibit a higher
proportion of triple-negative breast cancer, which may suggest
genetic components and hereditary susceptibility for certain
types of cancer (15-24). As documented in previous studies,
survival rate varies by subtypes of breast cancer, tumor stage
and size, and recommended treatment, which are key factors
in addressing racial disparity in survival (9-12,15-24). Cancer
subtype, late stage at diagnosis and lack of adequate treatment
appear to be the primary reasons for higher mortality and
lower survival in African American compared with Caucasian
and Asian women with breast cancer (25-30). Nevertheless,
it remains unclear whether there are racial disparities in
mortality between women of different races who have the
same subtype of breast cancer when tumor stage and size and
treatment are controlled for (28-30). The present study aimed
to investigate this in a large cohort of women with breast
cancer in the United States, as well as the mortality difference
between non-Hispanic black and white, Asian and Hispanic
women with breast cancer, controlling for differences in health
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insurance, socioeconomic status, tumor stage at diagnosis,
grade, size, subtype and treatment.

Materials and methods

Data sources. The National Cancer Institute Surveillance,
Epidemiology and End Results (SEER) Public Use Data
Set released in November 2018 was used (31). The SEER
program comprises population-based tumor registries in
nine areas (San Francisco/Oakland, San Jose-Monterey,
Los Angeles, Greater California, Detroit, Seattle, Atlanta
and Rural and Greater Georgia) and 8 states (Connecticut,
Iowa, New Mexico, Utah, Hawaii, Louisiana, Kentucky and
New Jersey), accounting for 28% of the U.S. population. The
SEER registries ascertain all newly diagnosed (incident)
cancer cases from multiple sources. Information includes
tumor location, size, histological type and grade; demo-
graphic characteristics such as age, sex, race and marital
status, and type of treatment provided in the first course
of therapy within four months of initial therapy following
diagnosis. The SEER dataset also includes information on
the type of surgical procedure and use of radiation therapy
and chemotherapy (yes or no/unknown). The SEER program
frequently performs quality control, including case finding,
reliability, missing data items, reporting delays and the
quality of vital status data. The program has also developed
inter- and intra-field edits to identify and correct errors in the
SEER data (31). The present study received approval from
SEER after signing the SEER Research Data Agreement and
also received additional approval for using data on radia-
tion therapy and chemotherapy. This study was considered
exempt for Institutional Review Board review because it did
not involve any patient contact and only had the analysis of
the existing de-identified SEER Public Use Data.

Study population. The present study identified 404,608 women
diagnosed with incident breast cancer at age =20 years
between January 2010 (the point from which triple-negative
breast cancer data were available) and December 2016 in
17 SEER registries. Of the 404,608 women with breast cancer,
2,798 women of unknown race and 2,246 native American
were excluded due to small numbers. Hence, the final analysis
identified 399,564 women with breast cancer, including
277,319 non-Hispanic white (white), 44,149 non-Hispanic
black (black), 34,141 non-Hispanic Asian/Pacific Islander
(Asian) and 43,955 Hispanic women (comprising 42,484 white
and 1,471 other Hispanics, which are included in certain
analyses separately).

Racel/ethnicity and sociodemographic variables.
Race/ethnicity was classified into white, black, Asian,
Hispanic white and Hispanic other. Other patient demo-
graphics included age at diagnosis (<45, 45-54, 55-64, 65-74,
75-84 and =85 years), marital status (married, unmarried,
unknown), year of diagnosis (2010 to 2016) and geographic
area (17 SEER registries). Socioeconomic variables included
individual health insurance (insured, Medicaid, uninsured and
unknown) and median household income in the county level
(available in the SEER*Stat program, seer.cancer.gov/seerstat/;
<49,000, 49,000-57,579, 57,580-68,649 and =$68,650).

Tumor characteristics. Tumor characteristics included
histological stage (local, regional, distant or unknown),
grade (well, moderately or poorly differentiated,
undifferentiated or unknown), size (<1.0, 1.0-1.9, 2.0-2.9,
3.0-3.9, =4.0 cm or unknown) and subtype of breast cancer
based on HR and HER?2 status: HR+/HER2+ (Luminal B),
HR+/HER2-(Luminal A), HR-/HER2+ (HER2 enriched) and
HR-/HER2-(triple-negative).

Treatment for breast cancer. Cancer-directed surgery was
categorized as either total mastectomy or breast-conserving
surgery. Breast-conserving surgery was defined as segmental
mastectomy, lumpectomy, quadrantectomy, tylectomy, wedge
resection, nipple resection, excisional biopsy or partial
mastectomy unspecified. Radiation therapy included beam
radiation, radioactive implant, brachytherapy, radioisotope
or other radiation, and was coded as yes or no/unknown (31).
Chemotherapy was also coded as either yes or no/unknown.
These treatment variables were coded separately in SEER
registries; it was unknown if radiation therapy or chemotherapy
were given before surgery, as adjuvant therapy after surgery or
as stand-alone treatment.

Survival and mortality. The vital status (dead or alive), cause
and date of death and survival time in months from date of
diagnosis to the date of death or the date of last follow-up
(December 31, 2016) were obtained from the SEER*Stat
data (31). All-cause mortality was defined as death with any
underlying cause indicated in the SEER data. Patients who
were alive at the last date of follow-up were censored. Breast
cancer-specific mortality was defined as breast cancer as the
underlying cause of death. Patients who died of causes other
than breast cancer or who were still alive at the date of last
follow-up were censored.

Statistical analysis. Differences in distribution of baseline
characteristics between racial/ethnic groups were tested using
2. Logistic regression models were used to assess the odds
ratio of diagnosis at early tumor stage (local stage), having
triple-negative breast cancer and receiving cancer-directed
treatment (surgery, radiation therapy and chemotherapy) after
adjusting for confounding factors, including age, marital
status, socioeconomic status (health insurance and household
income), tumor stage, grade, size, geographic SEER area
and year of diagnosis. The time to event Cox proportional
hazard regression model was applied in survival analysis
using Proportional Hazard Regression procedure available
in the SAS system version 9.4 (SAS Institute, Inc). The
proportionality assumption was considered to be satisfied
when log-log Kaplan-Meier curves for survival function by
race/ethnicity and subtype of breast cancer were parallel and
did not intersect. In these Cox proportional hazard regres-
sion analyses, two models were presented. The first model
was an unadjusted hazard ratio of mortality; the second
full model adjusted for patient demographic (including age
and marital status), socioeconomic status (health insurance
and household income), tumor characteristic (such as stage,
grade and size), cancer-directed treatment (surgery, radiation
therapy, and chemotherapy), geographic area and year of
diagnosis.
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Table 1. Continued.

Number of cases (%)

P-value

NH black NH Asian Hispanic white Hispanic other

NH white

Characteristic

<0.001

Tumor grade

232.0 (15.8)

7,938.0 (18.7)
17,594.0 (41.4)
15,080.0 (35.5)

6,810.0 (20.0)
14,797.0 (43 .3)
11.046.0 (32.4)

6.243.0 (14.1)
16,0610 (36.4)
19.230.0 (43.6)

67,563.0 (24.4)
121,582.0 (43.8)
76,119.0 (27.5)

12,055.0 (4.4)

Well differentiated (I)

582.0 (39.6)
574.0 (39.0)

Moderately differentiated (IT)

Poorly (IIT)/undifferentiated (IV)

Unknown

1,488.0 (4.4) 1,872.0 (4.4) 83.0 (5.6)

2,615.0 (5.9)
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<0.001

Triple-negative status

195.0 (12.3)
990.0 (67.3)

42290 (12.4) 52700 (12.4)
29,459.0 (69.3)

24,5710 (71.9)

50650 (11.5)
272790 (61.8)

27,9040 (10.1)

HR+/HER2+ (Luminal B)

2113440 (76.2)
10,924.0 (3.9)

HR+/HER2-(Luminal A)

2,220.0 (6.5) 2,430.0 (5.7) 91.0 (6.2)
195.0 (13.3)

3,121.0 (9.1)

2,603.0 (5.9)

HR-/HER2+ (HER2-enriched)
HR-/HER2-(triple-negative)

Total

5,325.0 (12.5)

9,202.0 (20.8)

27,1470 (9.8)

34,1410 42,4840 1471.0

44,1490

277319.0

P-values were determined by ¥? test. NH, non-Hispanic; HR, hormone receptor; HER2, human epidermal growth factor receptor 2.

Results

Patient and tumor characteristics by racel/ethnicity. Table 1
presents the patient demographics, socioeconomic factors and
tumor characteristics in each racial/ethnic group. There were
notable differences in the proportion of women diagnosed with
breast cancer at younger age (<45 years); a larger percentage
of white patients were diagnosed at older age, whereas larger
percentages of women of other races were diagnosed with
breast cancer at younger age. The proportion of patients who
were married, insured or living in counties with higher house-
hold incomes was greater in white and Asian compared with
black and Hispanic patients. Black and Hispanic women were
more likely to exhibit higher tumor stage at diagnosis, larger
tumor size and poorer tumor grade, as well as triple-negative
breast cancer, than white and Asian women. Overall, 11.3% of
women with breast cancer were triple-negative but the propor-
tion of triple-negative breast cancer varied by race/ethnicity
(9.1 for Asian, and 9.8 for white, 12.5 for Hispanic white,
13.3 for Hispanic other and 20.8% for black women).

Percentage of early stage and triple-negative breast cancer by
racelethnicity. Table II presents the number and percentage of
patients diagnosed with early (local) stage and triple-negative
breast cancer by race/ethnicity, age, marital status, health
insurance and household income. White and Asian women
were more likely to be diagnosed with early (local) stage
breast cancer (67.2 and 65.5%, respectively) compared with
black (56.9), Hispanic white (58.6) and Hispanic other patients
(56.6%). White and Asian women also had a notably lower
proportion of triple-negative breast cancer (9.8 and 9.1% respec-
tively) than black (20.8), Hispanic white (12.5) and Hispanic
other patients (13.3%). Older, married, insured women and
those living in counties with higher household income were
more likely to be diagnosed with early (local) stage breast
cancer. However, a higher percentage of triple-negative breast
cancer was observed in younger and unmarried women, as
well as those with no health insurance and those living in
counties with low median household incomes. Diagnosis of
early stage breast cancer was associated with smaller tumor
size and better tumor grade; there was no notable association
between triple-negative breast cancer and tumor size and
grade. In addition, racial disparities in rates of triple-negative
breast cancer from 2010 to 2016 were analyzed. The rate of
triple-negative breast cancer decreased from 10.7 in 2010 to
8.8% in 2016 in white women and from 22.1 in 2010 to 19.6%
in 2016 in black women. The rate of triple-negative breast
cancer also decreased from 9.8 to 8.5% for Asian and from
14.7 to 11.6% Hispanic white women, but increased from 13.1
to 17.5% for Hispanic other.

Odds ratios of early stage, triple-negative cancer and
treatment by race/ethnicity. Table III presents the adjusted
odds ratios of patients being diagnosed with early (local) stage
and with triple-negative breast cancer and the adjusted odds
ratios of receiving cancer-directed surgery, chemotherapy and
radiation therapy by race/ethnicity, age, marital status, health
insurance, household income, tumor stage, tumor size, and
tumor grade. Black and Hispanic women were significantly
less likely to be diagnosed with early (local) stage breast



(0€D 0'8I€ (ro)osel (669 0TILT (0T1 0°€6T (0'001) 0" LT (0000 umouyuy
(€¥1) 0°090°€ (6'8) 0°€T6'T (€09) 0'806'C1 (91 0'8Ts’e (0001) 0611 0000 ueysiq
(T oLE YT (1'9) 0201°L (#'89) O'SLY 6L (TeD OPLI'ST (0001 O'ITIOTT (0000 [euoISay
(Son oTveLe (S€)08IT'6 (6'9L) 0'6¥S'661 (1'6) 0'899°€T (0000 (0'001) 0'LLS' 65T [e00]
o3e3s zown,
(9°6) 0°658°6 '¥) 095+ ¥ (L'SL) 008S'LL (€01 0°SSS 01 (S'T€) 010g e (S'L9) 0'9%1°69 0LS'OL=
(90D O¥IE 01 €Y OILT'Y (OvL) 0T6TTL (SoD) 0'esT'01 (8'1€) 061L°cE (TSY) 0'TITEY 69LS'0L-0ST'8S
(91D O¥6S 11 (8%) O¥8L'Y (9TL) 0'8T9'TL (T'TD 0ELOTT (S'9¢) 0TS 9¢ (S€9) 0'LSS €9 6¥ST'8S-0LT 1S
(Ten oeTTel (6'1) 0'LS8Y (T'1L) 0P 1L (6°01) 078801 ('9¢) 0T 9¢ (9€9) 0°€99°€9 69T 16-0v€°61
¢ ‘[9A9] AJUNOD JB SWOOUI P[OYISNOH
o (6'01) 0'608 (Sv) 0'Tee (O¥L) 0'TSS'S (ToD) 0°€SL (S'LE) 0'06LT (S'T9) 0959 umowyury
S (8'01) 0'8LL'9E (€1) 086911 (S¥L) 0'6L8'EST (#'01) 0'eee’se (1'€€) 0¥06'TIT (6'99) 0'¥8L°'LTT pamsuy
o Tv1D) 009 (€9) 00£8°C (6'99) 0°S9T 0¢ (9T 0EILS (99%) 0'890°' 1T (€S) 0EVTHT PresIpajy
8 (1'91) 0°000° 1 (9°9) 0°80¥ (S€9) O'LY6'E (6°€1) 0798 (6'15) 0°STT'E (1'8%) 0'¥66'C painsurun
m dueInsur YjjeaH
S (T11) 069¢°C (9'v) 0°€96 (0¥L) 0209°ST (ToD 00rI'T (LSS OTES'L (€%9) 0'EPS €l umouyu
S (811 O'0LT6T (Sv) 0eTeL (€€L) 06VT 61T (#'01) 0'896'91 (L'9€) 0'STL'6S (€€9) 0786201 paLLrewu
5 (60D 0 1St €T (1) 0786'6 (9°€L) 0'T6L ST (6'01) 0°SSS'€T (L€E) 0'8TL'TL (€99) 0'CSOEPT paLLIBIA
m snjejs [ejlejN
m (L'6) 0¢88'1 (€€) 0849 (6'8L) 0°66€°ST (1'8) 0¥8S°1 (0%€) 06£9°9 (099) 0°SL8TT ¢8<
° (1'6) 0988t (T 0TOL'T (To®) OsyIey (L) 0SLO'Y (#'60) 0'LI8'ST (9°0L) 0'166°LE ¥8-SL
Z (S6)0VIT6 e oLIce (L'8L) O'LYS'9L (#'8) 0°0ST°8 (1'62) 0'€8T'8T (6'0L) 0'S¥6'89 ¥L-59
o (€T O8PL 1T (I'S) 0°L6T'S (LTl OELL'SL (O 1D OLEVTT (6'1€) 0'L0Y 9€ (1'59) 0'8¥8°L9 ¥9-6S
= T oL1Tol 990119 (#69) 0+8T LS (921 0'96€°01 (#'6€) 0°¢81'TE (9°09) 0°$20°0$ vS-Sy
g (L9D) 0THo'L (#'9) 0°€69°C (€09) 0°S61'ST (99D 0'120°L (T'8%) 085€°0C (8'1S) 0€68'1C Sy>
m sIeak a3y
(€D 0s6l T9 016 (€°L9) 0066 (€D 0s6l (' €v) 069 (999) 0'Ces oo oruedsty
(ST osTes (L9 00er'T (€69) 065t 6T T 00LT'S (' 1) 0685 L1 (9°8S) 0°S68'+C anym oruedsiy
(re)ocle (9)00CTT (0TL) O1LS VT (T 06Ty (9+€) 096L 11 (S'69) 0'S¥eTT ueisy HN
(8'00) 0206 (69) 0€09°C (819 06LT LT (S11) 0°$90°S (I'ey) O'P70°61 (6'9S) 0°S01°ST Jo'[q HN
(86) OLYI'LT (6€) 0126'01 (TIL) OPPeETIT (oD 0%06°LT (8'2T€) 0°616'06 (T'L9) 0001981 AyMm HN
Ky1o1tuy3a/oey
(eanesou-o[din)-zYdH/-4H +C¥dH/-9H -C4dH/+dH +C¥dH/+9H 1ySIH [2207] onsLvORIRYD

(%) smeys aaneIou-ordiiy, (%) 93e3s Jown,

==
55
2=
faY

T

*KJIOTUY}9/9081 PUE SNIE)S JIWOU0JI0I00s pue sisouSerp oanesou-o[din pue oSe)s J0wn] Uaam}aq UOIIBIOOSSY ‘T J[qRL



https://www.spandidos-publications.com/10.3892/mco.2022.2528
https://www.spandidos-publications.com/10.3892/mco.2022.2528
https://www.spandidos-publications.com/10.3892/mco.2022.2528
https://www.spandidos-publications.com/10.3892/mco.2022.2528

DU: RACIAL DISPARITIES IN TRIPLE-NEGATIVE BREAST CANCER

*7 10)dooa1 10308 YImois [ewroprds uewny ‘gYHH 103dooar suowioy “YH :oruedsig-uou ‘HN

(%) smeas aane3ou-ordury,

(9) 93e3s Jowny,

(0°001) 0066 1 (0°001) 0°89C'81T (0'00T) 0°€¥9°€6C (0001) 0°€99°'CH (0°00T) 0°L86'6ET (0°00T) 0°LLS 65T [eI0L
I1Do1s6 (€0 06tC (9°66) 0°'8L8'+8 (I'e) 080L°C (T'81) 0°Z0T°91 (6'18) O'#89°CL umoudun)
(ST 0€LTT (6L 0eer'T (€99) 0°900°CI (€D 0T0¥T (LeS) 0EEL’6 (€°9%) 0'08¢'8 pajenuaIdyIpun/K[H00d
(6'L2) 0°'800'¥€ (ToD O 18¥CI (I"S¥) 0'8€0°SS (8'91) 0'TTs 0T (0'9%) 0'981°9S (0'%S) 0°€98°S9 POIRNUAISIIIP A[)BIOPOIN
O1) 08SLL #2 0S01'Y (Te®) 0'1CL 1H1 (66) 0CEO'LT (0'1€) 0996°LS (099) 0°059°CT1 PRIBNURIIID [[PM

9peis Jowng,
(It oTeL'T (06) 0'80T°1 (€79 0°089°L O¥1) 0°S08°1 (1'TL) 0'888°8 (6LDOLEY'E umouun
#F91) 0'1SS°6 (6L 0€T9'y (€19) 0°90L°S€E (€¥1) 06£€'8 (6'69) 0°€0L 0 (1'0€) 091§ LT o<
(991) 0°'L80°9 (T9 00ST'C (S€9) 0'eST€T (L'€1) 0°S00°'S (0°SS) 0'6ET 0T (0'SH) 09591 6'¢€0¢
(€€ OETT 0T (L) 0109°¢ (T'oL) 0607 €S 61D 0TIT'6 (9'T%) 0989°T¢ (+'8S) 0'8¥S v+ 6'C0C
(6'8) 0SL6'TT (67 09L8°¢ (T6L) 0187901 (06)0TIT'CT (8°20) 0°6£9°0¢ (TLL) 0708 €01 6'1-0'1
(89) 0°TES'S (P €) 0018°C (T2 OPIT°L9 (L'L)0T6T9 (L'6)TE6'L (€06) 0918°¢L or>

wo “9z1s Jown],

(sane3au-o[din)-2gqH/-JH +CddH/-dH -CddH/+dH +CIdH/+HIH IySTH [8007] JnsLoeIR)

"panunuo) ‘1 A[qeL



Bz SPANDIDOS
[/ »§, PUBLICATIONS

MOLECULAR AND CLINICAL ONCOLOGY 16: 95, 2022

Table III. Adjusted odds ratio of diagnosis of early stage breast cancer, triple-negative status and treatment by race/ethnicity, age,
socioeconomic status and certain tumor characteristics.

Characteristic

Local stage
(95% CI)

Triple-negative
(95% CI)

Cancer-directed
surgery
(95% CI)

Radiation
therapy
(95% CI)

Chemotherapy
(95% CI)

Race/ethnicity
NH white
NH black
NH Asian
Hispanic white
Hispanic other
Age, years
<45
45-54
55-64
65-74
75-84
>85
Marital status
Married
Unmarried
Unknown
Health insurance
Uninsured
Medicaid
Insured
Unknown

Household income at

county level, $
19,340-51,269
51,270-58,2549
58.,250-70,5769
=>70,570

Tumor stage
Local
Regional
Distant
Unknown

Tumor size, cm
<1.0
1.0-1.9
2.0-29
3.0-39
>4.0
Unknown

Tumor grade
Well differentiated

Moderately differentiated
Poorly/undifferentiated

Unknown

1.00 (reference)

0.90 (0.88-0.92)*
1.09 (1.06-1.12)*
0.90 (0.88-0.92)*
0.82 (0.73-0.93)*

1.00 (reference)

1.15 (1.12-1.18)*
1.29 (1.26-1.32)
1.52 (1.48-1.57)*
1.64 (1.59-1.69)*
1.81 (1.74-1.89)*

1.00 (reference)
0.97 (0.96-0.99)
1.02 (0.98-1.05)

1.00 (reference)

1.07 (1.00-1.13)*
1.29 (1.21-1.36)
1.37 (1.27-1.49)*

1.00 (reference)
1.02 (0.99-1.05)
1.00 (0.98-1.03)
1.10 (1.07-1.14)*

1.00 (reference)

0.39 (0.38-0.40)*
0.18 (0.17-0.18)*
0.11 (0.10-0.11)*
0.05 (0.05-0.05)*
0.05 (0.05-0.05)*

1.00 (reference)

0.60 (0.59-0.61)*
0.53 (0.52-0.54)*
0.39 (0.37-0.40)*

1.00 (reference)
1.78 (1.72-1.83)
0.80 (0.77-0.84)*
1.10 (1.06-1.14)*
1.09 (0.93-1.29)

1.00 (reference)

0.90 (0.87-0.94)*
0.89 (0.86-0.92)*
0.88 (0.84-0.91)*
0.86 (0.83-0.90)*
0.83 (0.78-0.88)"

1.00 (reference)
0.99 (0.96-1.01)
1.02 (0.97-1.07)

1.00 (reference)

0.89 (0.82-0.96)"
0.89 (0.83-0.96)"
0.84 (0.76-0.94)*

1.00 (reference)

0.96 (0.93-0.99)*
0.93 (0.89-0.97)
0.84 (0.81-0.88)*

1.00 (reference)
0.70 (0.68-0.71)*
0.69 (0.66-0.73)*
0.93 (0.81-1.06)

1.00 (reference)

0.95 (0.91-0.98)*
1.06 (1.02-1.10)*
1.23 (1.18-1.29)*
1.29 (1.24-1.34)*
1.28 (1.19-1.36)*

1.00 (reference)

444 (4.15-4.76)*
34.65 (32.43-37.02)*
12.83 (11.85-13.89)*

1.00 (reference)
0.71 (0.68-0.74)*
0.91 (0.86-0.96)
0.92 (0.88-0.97)*
0.87 (0.70-1.07)

1.00 (reference)
0.99 (0.95-1.06)
0.91 (0.86-0.96)*
0.82 (0.77-0.86)"
0.49 (0.47-0.52)*
0.16 (0.15-0.17)

1.00 (reference)
0.75 (0.73-0.78)
0.59 (0.55-0.62)

1.00 (reference)

1.69 (1.54-1.84)*
2.56 (2.35-2.79)*
1.13 (1.01-1.26)*

1.00 (reference)

0.92 (0.88-0.97)*
0.86 (0.81-0.90)
0.76 (0.72-0.80)®

1.00 (reference)

0.74 (0.72-0.77)
0.03 (0.03-0.03)*
0.08 (0.07-0.09)*

1.00 (reference)

0.94 (0.89-0.99)*
0.68 (0.64-0.71)*
0.45 (0.43-0.48)
0.39 (0.37-0.41)
0.10 (0.09-0.10)*

1.00 (reference)
0.93 (0.89-0.97)*
1.02 (0.98-1.07)
0.28 (0.27-0.30)*

1.00 (reference)
0.96 (0.94-0.98)
0.84 (0.82-0.86)"
0.95 (0.93-0.97)*
0.98 (0.88-1.09)

1.00 (reference)

1.14 (1.12-1.17)*
1.33 (1.30-1.37)*
1.21 (1.18-1.24)
0.73 (0.71-0.75)*
0.25 (0.24-0.26)

1.00 (reference)
0.89 (0.88-0.91)*
0.75 (0.73-0.77)*

1.00 (reference)
1.01 (0.95-1.06)
1.16 (1.10-1.22)*
0.69 (0.64-0.75)

1.00 (reference)
1.05 (1.03-1.08)*
1.08 (1.06-1.11)*
1.02 (0.99-1.04)

1.00 (reference)

1.40 (1.38-1.43)
0.66 (0.64-0.68)*
0.36 (0.32-0.41)

1.00 (reference)
0.99 (0.97-1.01)
0.78 (0.76-0.80)*
0.69 (0.67-0.71)
0.82 (0.79-0.84)
0.52 (0.49-0.55)*

1.00 (reference)

0.91 (0.89-0.93)
0.83 (0.82-0.85)"
0.74 (0.72-0.77)

1.00 (reference)
1.12 (1.09-1.15)*
0.99 (0.96-1.03)
1.12 (1.08-1.15)*
1.05 (0.93-1.20)

1.00 (reference)
0.62 (0.60-0.64)*
0.44 (0.42-0.45)*
0.24 (0.23-0.25)*
0.06 (0.06-0.07)
0.01 (0.01-0.01)*

1.00 (reference)
0.86 (0.84-0.87)"
0.81 (0.78-0.84)"

1.00 (reference)
0.99 (0.93-1.06)
1.18 (1.11-1.26)*
0.63 (0.57-0.69)*

1.00 (reference)
0.94 (0.91-0.97)*
0.96 (0.93-0.99)*
0.87 (0.84-0.90)*

1.00 (reference)
4.65 (4.56-4.74)
242 (2.33-2.51)*
0.79 (0.71-0.89)*

1.00 (reference)
1.91 (1.86-1.96)
2.96 (2.88-3.04)*
3.65 (3.52-3.77)*
3.73 (3.62-3.85)*
2.49 (2.36-2.63)

1.00 (reference)
2.50 (2.44-2.57)*
9.39 (9.15-9.64)
3.05(2.92-3.18)

Adjusted for race/ethnicity, age, marital status, insurance, income, tumor stage, size, grade, year of diagnosis and SEER area. “P<0.05.

NH, non-Hispanic.
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Table I'V. Observed survival rate by race/ethnicity, stratified by tumor stage and triple-negative status.

Overall survival

Breast cancer-specific survival

Median Observed 1-year 3-year Observed 1-year 3-year
survival survival survival survival survival survival survival
2010-2016, 2010-2016, 2010-2015, 2010-2013, 2010-2016, 2010-2015, 2010-2013,
Characteristic months % % % % % %
Race/ethnicity
NH white 34 88.3 96.3 89.1 939 97.8 939
NH black 30 83.0 93.9 82.7 88.8 959 88.2
NH Asian 31 92.7 97.5 92.8 954 98.5 954
Hispanic white 29 90.1 97.1 904 934 98.1 93.3
Hispanic other 30 88.1 95.7 88.5 91.7 974 91.7
Triple-negative status
HR+/HER2+ 31 89.0 96.3 894 93.2 97.6 933
HR+/HER2- 34 89.9 97.0 90.8 95.1 98.4 95.3
HR-/HER2+ 30 84.6 93.9 84.2 88.9 95.5 88.1
HR-/HER2- 29 78.8 91.7 78.1 84.6 939 83.5

(triple-negative)

NH, non-Hispanic; HR, hormone receptor; HER2, human epidermal growth factor receptor 2.

cancer, whereas Asian women were significantly more likely
to be diagnosed with early stage breast cancer as compared
to white women. Black (odds ratio: 1.78, 95% CI: 1.72-1.83)
and Hispanic white women (1.10, 1.06-1.14) were also signifi-
cantly more likely to be diagnosed with triple-negative breast
cancer, whereas Asian women (0.80, 0.77-0.84) were signifi-
cantly less likely to be diagnosed with triple-negative breast
cancer as compared to white women. All other ethnic groups
of women appeared to be significantly less likely to receive
cancer-directed surgery and radiation therapy than white
women with breast cancer, while black and Hispanic white
women were significantly more likely to receive chemotherapy.

Early stage breast cancer was significantly more common
in older and insured women and was significantly associated
with smaller tumor size and better tumor grade (Table III).
This was observed in all races/ethnicities in stratified analyses.
Triple-negative breast cancer was significantly less common
in older and insured women and was significantly associated
with increased tumor size and poorer tumor grade. Early stage
tumor at diagnosis was less common in unmarried women but
triple-negative breast cancer was not significantly associated
with marital status. Early stage tumor was not associated
with household income at county level, but triple-negative
breast cancer was slightly less common in those with higher
household income. For cancer treatment, older women were
less likely to receive surgery and chemotherapy but more
likely to receive radiation therapy than younger women;
married women were significantly more likely to receive all
types of cancer therapy. Similarly, insured women were signif-
icantly more likely to receive all types of cancer therapy than
those without health insurance, while those living in higher
household income counties were slightly less likely to receive
surgery and chemotherapy but more likely to receive radiation
therapy than those in the lowest income quartile. The odds

ratio of receiving surgery and radiation therapy decreased with
higher tumor stage, larger tumor size and poorer tumor grade,
but odds ratio of receiving chemotherapy increased signifi-
cantly with higher tumor stage, larger tumor size and poorer
tumor grade. Cancer-directed therapy was compared based on
triple-negative status. Patients with HR+/HER2+ (Luminal B),
HR+/HER2- (Luminal A), HR-’/HER2+ (HER2-enriched)
and HR-/HER?2 (triple-negative) received surgery in 87.9,
92.2, 85.6 and 89.5, radiation therapy in 44.7, 50.5, 41.5 and
45.6 and chemotherapy in 70.7, 28.4, 75.2 and 72.1% of cases,
respectively (data not shown). The percentage of patients
with triple-negative breast cancer receiving cancer-directed
surgery and radiotherapy was not significantly different from
patients with other types of breast cancer. However, patients
with triple-negative breast cancer were more likely to receive
chemotherapy than patients with HR+/HER2- (Luminal A)
breast cancer.

Median survival rate by racel/ethnicity. Table IV presents
the association between observed median survival and
1- and 3-year rates for overall and breast cancer-specific
survival with race/ethnicity and triple-negative status.
Median survival was highest in white women and those with
HR-positive and HER2-negative breast cancer, and lowest in
black women and those with triple-negative breast cancer.
The observed 1- and 3-year and total observed survival rates
were highest in Asian women and those with HR-positive and
HER2-negative breast cancer and lowest in black women and
those with triple-negative breast cancer.

Hazard ratio of mortality by race/ethnicity. Table V presents
the crude and adjusted hazard ratios of all-cause and breast
cancer-specific mortality by race/ethnicity, tumor stage and
triple-negative status. Compared with white women, black
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Table V. Risk of all-cause and breast cancer-specific mortality by race/ethnicity, adjusting for socioeconomic status, tumor stage

and triple-negative status.

Characteristic

Hazard ratio (95% CI) of
all-cause mortality

Hazard ratio (95% CI) of breast
cancer-specific mortality

Crude model

Adjusted model

Crude model

Adjusted model

Race/ethnicity
NH white
NH black
NH Asian
Hispanic white
Hispanic other
Tumor stage
Local
Regional
Distant
Unknown

Triple-negative status
HR+/HER2+
HR+/HER2-
HR-/HER2+
HR-/HER2- (triple-negative)

Race stratified by triple-negative

status
HR-/HER?2- (triple-negative)
NH white
NH black
NH Asian
Hispanic white
Hispanic other

HR-/HER2+
NH white
NH black
NH Asian
Hispanic white
Hispanic other

HR+/HER2-

NH white
NH black
NH Asian
Hispanic white
Hispanic other

HR+/HER2+
NH white
NH black
NH Asian
Hispanic white
Hispanic other

1.00 (reference)
1.57 (1.53-1.61)*
0.67 (0.64-0.69)*
0.93 (0.90-0.96)*
1.12 (0.97-1.30)

1.00 (reference)
2.21(1.99-2.07)*

12.50 (12.22-12.81)

6.61 (6.15-7.10)*

1.00 (reference)

0.88 (0.86-0.91)
1.44 (1.37-1.51)
1.99 (1.91-2.05)*

1.00 (reference)
1.39 (1.29-1.51)
0.64 (0.56-0.72)*
0.85 (0.77-0.93)*
0.97 (0.63-1.51)

1.00 (reference)
1.53 (1.48-1.58)*
0.62 (0.59-0.65)*
0.88 (0.84-0.92)*
1.12 (0.93-1.36)

1.00 (reference)
1.26 (1.14-1.39)
0.67 (0.59-0.77)*
0.90 (0.80-1.01)
1.11 (0.65-1.87)

1.00 (reference)
1.23 (1.17-1.29)*
0.81 (0.74-0.88)*
0.97 (0.91-1.04)
0.98 (0.71-1.36)

1.00 (reference)
1.16 (1.12-1.19)*
0.77 (0.74-0.80)*
0.93 (0.90-0.96)*
1.10 (0.95-1.28)

1.00 (reference)

1.77 (1.73-1.81)*
5.04 (4.89-5.20)
1.56 (1.45-1.69)*

1.00 (reference)

1.07 (1.03-1.10)*
1.33 (1.27-1.39)*
2.24 (2.16-2.32)

1.00 (reference)
1.19 (1.09-1.30)*
0.79 (0.69-0.90)*
0.89 (0.81-0.99)*
1.10 (0.70-1.71)

1.00 (reference)
1.19 (1.15-1.24)*
0.74 (0.70-0.78)"
0.91 (0.87-0.95)*
1.21 (0.99-1.46)

1.00 (reference)
1.10 (0.99-1.23)
0.87 (0.75-1.01)
1.04 (0.92-1.19)
1.11 (0.65-1.88)

1.00 (reference)
1.05 (0.99-1.11)
0.84 (0.76-0.93)*
0.92 (0.86-0.99)*
0.84 (0.61-1.17)

1.00 (reference)

1.95 (1.89-2.02)*
0.79 (0.75-0.84)*
1.19 (1.14-1.23)
1.49 (1.24-1.77)*

1.00 (reference)
4.07 (3.95-4.21)*

33.06 (32.00-34.16)*
11.04 (10.00-12.19)*

1.00 (reference)

0.69 (0.67-0.72)*
1.67 (1.57-1.76)
2.31(221-241)

1.00 (reference)
1.59 (1.45-1.76)*
0.71 (0.61-0.83)
1.09 (0.97-1.22)
0.90 (0.50-1.63)

1.00 (reference)

1.96 (1.87-2.05)
0.76 (0.71-0.82)
1.12 (1.06-1.19)*
1.68 (1.34-2.12)*

1.00 (reference)
1.42 (1.26-1.59)*
0.74 (0.63-0.87)*
1.01 (0.88-1.16)
1.59 (0.94-2.69)

1.00 (reference)
1.32 (1.24-1.40)*
0.85 (0.77-0.95)*
1.11 (1.03-1.20)*
0.97 (0.65-1.43)

1.00 (reference)
1.19 (1.15-1.23)
0.82 (0.78-0.87)*
0.97 (0.92-1.01)
1.15 (0.96-1.38)

1.00 (reference)
2.83 (2.73-2.93)

10.22 (9.80-10.66)"

2.35(2.11-2.61)

1.00 (reference)

1.13 (1.09-1.18)
1.43 (1.36-1.52)
2.87 (2.74-2.99)*

1.00 (reference)
1.25 (1.12-1.39)*
0.82 (0.70-0.97)
1.02 (0.90-1.16)
0.82 (0.45-1.49)

1.00 (reference)

1.25 (1.19-1.32)*
0.80 (0.74-0.86)*
0.94 (0.89-0.99)*
1.40 (1.11-1.77)*

1.00 (reference)
1.21 (1.06-1.37)*
0.93 (0.78-1.10)
1.09 (0.94-1.27)
143 (0.84-2.44)

1.00 (reference)
1.08 (1.01-1.15)*
0.83 (0.74-0.93)*
0.94 (0.86-1.02)
0.77 (0.52-1.14)

Adjusted for age, marital status, tumor stage, size, grade, year of diagnosis, SEER registry, health insurance, household income at county level,
surgery, radiation and chemotherapy. “P<0.05. NH, non-Hispanic; HR, hormone receptor; HER2, human epidermal growth factor receptor 2.

women had a significantly higher risk of all-cause and breast
cancer-specific mortality after adjusting for age, marital status,

tumor stage, size, grade, year of diagnosis, SEER registry,
health insurance, household income at county level, surgery,
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radiation and chemotherapy. The adjusted hazard ratio of
all-cause mortality was significantly lower in both Asian
and Hispanic white women compared with non-Hispanic
white women; the risk of breast cancer-specific mortality
was significantly lower in Asian women but not significantly
different in Hispanic white or other compared with white
women. Table V also presents racial disparities in the crude and
adjusted hazard ratios of all-cause and breast cancer-specific
mortality stratified by triple-negative status. Black women had
a significantly higher risk of all-cause mortality compared
with white women in those with triple-negative (hazard ratio:
1.39, 95% CI: 1.29-1.51) and HR-negative/HER2-positive
breast cancer (1.53, 1.48-1.58) after adjusting for confounding
factors. In those with HR-positive breast cancer, regardless of
HER?2 receptor status, the risk of all-cause mortality was not
statistically different between black and white women, while
the risk of breast cancer-specific mortality was significantly
higher in all subtypes of breast cancer in black compared with
white women. In those with HR-positive/HER2-negative breast
cancer, there was no statistically different risk of mortality
across different racial/ethnical groups, except for a higher risk
of breast cancer-specific mortality in black women. In patients
with HR-positive/HER2-positive breast cancer, the risk of
all-cause mortality was lower in Asian and Hispanic white
women, while the risk of breast cancer-specific mortality was
higher in black compared with non-Hispanic white women.
Finally, racial disparities in mortality were analyzed over
time. The adjusted hazard ratio of all-cause mortality in 2010
was signifcantly higher for black (1.13, 1.07-1.20), signifi-
cantly lower for Asian (0.72, 0.65-0.79) and not signifcantly
different for Hispanic white (0.94, 0.87-1.01) compared with
non-Hispanic white women. However, in 2016 the adjusted
hazard ratio of all-cause mortality was not signifcantly
higher for black women (1.07, 0.89-1.28), but still significantly
lower for Asian women (0.53, 0.38-0.74) and not signifcantly
different for Hispanic white women (0.79, 0.62-1.01) with
wider confidence intervals compared with non-Hispanic white
women.

Discussion

The present study demonstrated that there were racial dispari-
ties in the presentation of triple-negative breast cancer and
tumor stage, and all-cause mortality and breast cancer-specific
mortality existed following stratification by triple-negative
status and adjusting for tumor stage, size, grade, and treat-
ment. Black women had a significantly higher risk of all-cause
mortality compared with white women in only those with
triple-negative and HR-negative/HER2-positive breast cancer
after adjusting for confounding factors, but the risk of breast
cancer-specific mortality was significantly higher in all
subtypes of breast cancer in black women. The percentage of
triple-negative breast cancer decreased slightly from 2010 to
2016 in women of all different races except Hispanic other.
The risk of all-cause mortality between black and white
women decreased slightly from 2010 to 2016, while the risk
of all-cause mortality for Asian and Hispanic white women
remained similar over time.

Triple-negative breast cancer has been studied extensively
since 2005 (15-23) and affects 12-17% of women with breast

cancer (15). This subtype of disease affected 11.3% of women
with breast cancer in the present study cohort, but dispro-
portionally affected black women (20.8%). Triple-negative
breast cancer has higher incidence and poorer survival in
black women (19-23); it is important to identify key causes of
differential incidence rates and poorer outcomes to decrease
incidence and improve survival rates. Previous studies have
reported that racial and ethnic disparities in triple-negative
breast cancer incidence and outcomes may be explained by
biological factors, such as genetic factors and obesity, and
non-biological factors such as poverty, social stress and
toxic-waste dumping (19-25,32-37). In the present study
cohort, black and Hispanic women were significantly less
likely to be diagnosed with early (local) stage breast cancer,
whereas Asian women were significantly more likely to
be diagnosed with early stage breast cancer compared with
white women. Black women were also significantly more
likely to be diagnosed with triple-negative breast cancer after
adjusting for tumor stage, health insurance and household
income at the country level. Differences in demographic and
tumor characteristics have been reported by other investiga-
tors (15-28,32-36). For example, Plasilova et al (34) reported
that women with triple-negative breast cancer exhibit poorer
tumor grades and are more likely to have poorly differentiated
tumors. Obese or overweight women are more likely to present
with triple-negative breast cancer (32,37-39). The evidence
on the mechanistic link between obesity, insulin signaling,
inflammation and aggressive subtypes of triple-negative breast
cancer is increasing (37-40). The present study also showed
that early stage breast cancer was significantly associated with
older age, health insurance, smaller tumor size and better tumor
grade, potentially because older women and those with health
insurance are more likely to attend regular screenings (12).

It is unknown to what extent tumor and socioeconomic
factors affect clinical survival outcomes of different ethnic
groups (41,42). Studies from California, Georgia and North
Carolina have reported racial and ethnic disparities in the clin-
ical presentation of triple-negative breast cancer and survival
rates after adjusting for confounding factors (28,29,43). An
analysis of 2010-2012 SEER data also reported that patients
with triple-negative breast cancer exhibit poorer survival
than those with other types of breast cancer (30). The find-
ings of the present study of SEER areas in 2010-2016 were
consistent with the aforementioned studies. Black women
had a significantly higher risk of all-cause and breast
cancer-specific mortality compared with white women in only
those with triple-negative and HR-negative/HER2-positive
breast cancer after adjusting for confounding factors. In those
with HR-positive breast cancer, regardless of HER2-receptor
status, the risk of all-cause mortality was not statistically
different between black and white women. Furthermore, in
those with HR-positive/HER2-negative breast cancer, there
was no statistically different risk of mortality across different
racial/ethnical groups, except for a higher risk of breast
cancer-specific mortality in non-Hispanic black women. Racial
disparities in health care and therapy have been documented
in numerous medical conditions, as reported by the Institute
of Medicine (44). Racial disparities were observed in therapy
and clinical outcomes in the present large nationwide and
population-based SEER cohort of women with breast cancer.
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Differences in cancer therapy may affect racial disparities
in all-cause and breast cancer-specific mortality, but dispari-
ties in mortality remained significant in black women with
triple-negative breast cancer. Certain studies have found no
racial disparities in mortality in women with triple-negative
breast cancer (26,27), whereas other studies showed a higher
mortality in black women with triple-negative breast cancer
after controlling for socioeconomic factors, treatment
delay and HR/HER?2 expression (28-30). Triple-negative
breast cancer is a distinct invasive type of breast cancer and
patients exhibit a poorer response to therapy than those with
HER2- or HR-positive or tumors, leading to poorer clinical
outcomes (30). Studies have shown that genetic factors may
serve a role in the risk of triple-negative breast cancer through
methylation and histone modification (45), which may lead to
poorer survival.

Certain limitations should be noted in the present study.
First, information on radiation therapy and chemotherapy from
SEER data was coded as yes or no/unknown. Hence, the effects
of different types of radiation therapy (such as beam radiation,
radioactive implants, brachytherapy, radioisotopes or other
radiation) and chemotherapy agents (such as doxorubicin,
cyclophosphamide, fluorouracil or combination regimens)
were not investigated. Furthermore, those who did not receive
radiation therapy and chemotherapy or those with unknown
status according to the SEER data may have received therapy
from private clinics outside the registry. Also, information on
the duration between diagnosis and treatment was not avail-
able; delayed treatment may impact survival outcomes. There
was no information on comorbid conditions in the present
study, hence the confounding effect of comorbidity was not
assessed or controlled for. Household income at the county
level was used as a measure of socioeconomic status but does
not reflect individual patients, therefore ecological fallacy
or bias may be present. Health insurance at an individual
level was used as another measure of socioeconomic status
and controlled for in regression models. Although the total
number of cases was relatively large, the number of Hispanic
other and cases for stratified analysis by subgroups (especially
those aged =85 years) and the year of diagnosis was small.
Furthermore, factors such as timeliness and completeness of
chemotherapy or radiation therapy, treatment adherence and
physical exercises were not measured. Finally, the present
study did not obtain information on genetic factors, regular
screening status, counseling services, general awareness and
lifestyle factors. Therefore, the interaction between genetic
and environmental factors on the risk and clinical outcomes of
triple-negative breast cancer was not assessed.

In conclusion, there were racial disparities in the presenta-
tion of triple-negative breast cancer, tumor stage and all-cause
and breast cancer specific mortality following stratification by
triple-negative status and adjusting for tumor stage, size, grade
and treatment. Further studies are needed to identify treatment
strategies to improve outcome of patients with triple-negative
breast cancer and identify key risk factors for health dispari-
ties in different ethnic groups.
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